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(54) TiOe: REUSABLE CASSETTE WITH MOVEABLE DOOR AND METHODS 

(57) Abstract 

A cassette for use with a pump control module 
includes a top surface configured for receipt of a tube 
and an access door. A method for using a pump control 
module includes mounting a cassette having a top surface 
comprising an access door to the pump control module; 
opening the access door, installing the tube into the 
cassette; closing the access door, and effecting pumping. 
An infusion pump comprising a pump control module and 
a cassette configured for receiving a tube, the cassette 
comprising an access door and a frame. 
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REUSABLE CASSETTE WITH MOVEABLE DOOR AND METHODS 

Field of the Invention 
This invention relates generally to medical devices, and more 
particularly, to a reusable cassette having a moveable door for use with a pump 
5 control module and methods of use. 

Backfiround of the Invention 
In medical applications, fluid must sometimes be conveyed 
intravenously to a patient undergoing treatment. The fluid is usually contained in a 
1 0 fluid reservoir, typically a bag, conveyed through a tube, and injected into the 

patient's vein. Many times, regulating the volume and rate of fluid conveyed to the 
patient is advantageous, and in such mstances, traditionally, infusion pumps are 
employed. 

One such infiision pump effective for the application described above 

1 5 is disclosed in United States Patent Number 4,559,038 ("the *038 patent") the 

entirety of which is herein incorporated by reference. The infusion pump disclosed 
and described therein regulates the conveyance of fluid from a fluid reservoir to a 
patient. In accordance with the infusion pump of the * 03 8 patent, a fluid reservoir 
containing fluid for treating a patient is held in a cassette having a pressure plate 

20 immediately adjacent to a pump control module. A tube for conveying the fluid 
couples the fluid reservoir and the patient and provides a medium for conveying the 
fluid. A pump control module regulates the rate fluid is conveyed to the patient by 
applying physical pressure to the tube, thereby restricting the volume of fluid flow. 
In the '038 patent, the pump control module further comprises a pumping 

25 mechanism, having tube engaging members which engage and squeeze the tube 
against the pressure plate of the cassette. The tube engaging members include an 
expulser and an inlet valve and an outlet valve on opposite sides of the expulser. 

A variation of the infusion pump described in the *038 patent 
includes a piunp control module substantially as described above used in 

30 conjunction with a remote fluid reservoir, /. e, , a fluid reservoir separate from the 
pump control module and the cassette. Typically, in infusion pumps incorporating 
remote fluid reservoirs, the fluid is still contained in the fluid reservoir, however, the 
fluid reservoir is secured on a holding apparatus, such as a pole, separate from the 
pump control module instead of in the cassette. The tube conveying the fluid from 

35 the remote fluid reservoir to the patient typically extends from the fluid reservoir, 
across the pump control module, and, to the patient. 
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In the past, due primarily to safety and hygiene concerns, cassettes 
were permanently attached to the tube, and when the fluid reservoir emptied or the 
patient's treatment was completed, the fluid reservoir, the tube, and the cassette were 
all discarded, Of course, disposing of the cassette contributes to waste and expense; 
therefore, reusable systems and methods which assist the operator replacing the fluid 
reservoir and expedite handling procedures associated with the system are desu-able. 
The need for reusable cassettes and associated infusion pumps exists. 

Summary of the Invention 

The present invention relates to a reusable cassette for use with a 
pump control module, usually in infusion pump systems. The cassette and pump 
control module function well as parts of a pumping system for regulating and 
conveying fluid from a fluid reservoir, through a tube, and finally to a patient. The 
cassette of the present invention is used with the pump control module to regulate 
and convey fluid from fluid reservoirs through tubes and can be reused with new 
tubes and/or fluid reservoirs. In this new system, while the fluid reservoir and the 
tube are generally disposed of after a single use, the cassette of the present invention 
is reusable. In addition to being reusable, the cassette of the present invention can 
remain secured to the pump control module while used tubes are removed and new 
tubes are installed into the infusion pump system. 

The cassette of the present invention comprises an access door which 
is opened to remove used tubes and install new tubes without requiring that the 
cassette is detached from the control module. Once the tube is properly installed, the 
access door of the pressure plate is closed so that pumping can resume. When the 
access door is closed while a tube is installed within the cassette, the design of the 
cassette positions the tube properly so that the tube engaging members of the pump 
control module act on the tube and effect pumping. 

Brief Description of the Drawings 

FIG. 1 is a perspective view of a preferred embodiment of a pump 
control module coupled to a cassette having a moveable access door; 

FIG. 2 is a perspective view of a tube interface region of the pump 
control module of FIG. 1; 

FIG. 3 is a perspective view of the cassette of FIG. 1 , illustrating the 
access door in the open position, and a tube typically used with the present 
invention; 

FIG. 4 is a perspective view of the cassette of FIGS. 1 and 3 showing 
the access door in the closed position and the tube installed into the cassette; 
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FIG. 5 A is a front view of the cassette; 

FIG. 5B is a cross-sectional front view of the locking mechanism of 
the cassette FIG. 5A in the locked position and illustrating a cam, locking pins, 
springs, and recesses; 

5 FIG 5C shows the locking mechanism of FIG, 5B in the unlocked 

position; and 

FIG. 5D is a cross-sectional top view of the access door of the 
locking mechanism of FIG 5C. 

10 Detailed Description of the Preferred Embodiments 

This invention relates to a reusable cassette with a moveable access 
door suitable for supporting a tube extending from a fluid reservoir and used with a 
pump to deliver fluid to a patient. When properly positioned within the cassette, the 
tube is supported by a pressure plate of the cassette and held adjacent to tube 

1 5 engaging members of the pump so that pumping can be effected. This invention is 
directed to simplifying the process for replacing tubes and associated fluid reservoirs 
in mfusion pump systems. The cassette is designed to be openable and closable m 
order to allow the user to remove a used tube and to replace it with a new tube 
without removing the cassette from the control module or having to use a new 

20 cassette each time the fluid reservoir and associated tube is replaced, One of the 

advantages of the present invention is that the cassette is reusable, and the tubes used 
with the pump control module can be removed and installed while the cassette 
remains secured to the pump control module. The tubes are replaced by opening the 
access door of the cassette, removing the used tube, installing a new tube, and 

25 closing the access door . 

Reference will now be made in detail to preferred embodiments of the 
present invention wherein like reference numerals indicate like elements through the 
several views shown in FIGS. 1 through 5D. As embodied herein, a cassette is 
shown generally at 10 for use with a pump control module shown generally at 12. 

30 The pump control module 12 regulates the volume and rate fluid is conveyed from a 
fluid reservoir 14 through a tube 1 6 to a patient. The cassette 10 retains the tube 1 6 
properly in position relative to tube engaging members 26 of the pump control 
module 12 so that fluid can be pumped. 

In infusion pump systems such as this, the cassette 10 is sometimes 

35 secured to the control module 12 through the use of an anchor 13 incorporated into 
the cassette 10. The anchor 13 is preferably engaged by a releasable securing 
mechanism (not shown) inside a cavity 15 of the control module 12 of FIG 2. The 
cassette 10 is additionally secured to control module 12 with at least one pump 
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securing extension 17 as shown in FIGS. 3 and 4. The pump securing extensions 1 7 
preferably engage a suspended pin assembly 19 or similar structure on the control 
module 12 as shown in FIG 2. The pin assembly 19 usually comprises support 
structure 2 1 for retaining a pin 23 . 

Referring to FIG. 1, the pump control module 12 of the present 
invention preferably includes a control and display face 18. The control and display 
face 18 of the present invention comprises a plurality of control keys 20 for 
operating the pump control module 12 and a display 22 for conveying input and 
output information to the pump system operator. While most embodiments of the 
present invention incorporate displays 22 which convey information in digital form, 
those of ordinary skill in the art will recognize that some alternative displays 22 
function equally well 

A tube interface region 24, as best shown in FIG. 2, is preferably 
positioned substantially orthogonal to the control and display face 1 8 on the pump 
control module 12 of the present invention. The tube interface region 24 preferably 
comprises the tube engaging members 26 which apply mechanical pressure to the 
tube 16, thereby, regulating the volume and rate fluid is conveyed from the fluid 
reservoir 14 to the patient. When the cassette 10 is properly secured to the control 
module 12 while the tube 16 is properly positioned, the tube engaging members 26 
selectively occlude the tube 16 to effect pumping, while at the same time preventing 
free flow. United States Patent No. 4,559,038, noted above, mcludes a similar tube 
interface region with three tube engaging members. 

As shown in FIGS. 3 and 4, the cassette 10 includes a top surface 28, 
which acts as a tube supportmg surface, having a first end 30 and a second end 32. 
In the embodiment of the present invention of FIGS. 3 and 4, the cassette 10 
receives the portion of the tube 16 extending from the fluid reservoir 14 at the 
second end 32 and receives the portion of the tube 1 6 leading to the patient at the 
first end 30. As best illustrated in FIG. 4, when the tube 16 is property installed in 
the cassette 10 of the present invention, the tube 16 preferably extends along a 
longitudinal centerline 34 of the top surface 28 of the cassette 10 between the first 
end 30 and the second end 32. A fu-st end surface 36 and a second end surface 38 
are preferably adjacent the first end 30 and the second end 32 of the cassette 10, 
respectively, and extend downward from the top surface 28 of the cassette 10. 

A front door surface 40, a first front fi^e surface 42, and a second 
front frame surface 44, shown in FIG. 4, are disposed between the first end surface 
36 and the second end surface 38 and extend downward from the top surface 28 of 
the cassette 10. The front door surface 40, the fust front frame surface 42, and the 
second front frame surface 44 together approximately equal the length of the cassette 


wo 99/58177 


PCT/US99/10419 


10 (length from the first end 30 to the second end 32 of the cassette 10). A rear 
surface 46, preferably substantially parallel to the fi-ont door surface 40, the first 
firont frame surface 42, and the second front frame surface 44, completes the border 
around the top surface 28 of the cassette 10. In the embodiment of the present 
5 invention depicted in FIGS. 1 , 3, and 4 the length of the rear surface 46 

approximately equals to the sum of the lengths of the front door surface 40, the first 
front frame surface 42, and the second front frame surface 44. 

The tube 16 used with preferred embodiments of the present 
invention includes a first small diameter portion 48, a second small diameter portion 

10 50, and a larger diameter engaging portion 52 disposed in between as shown in FIG. 
3. Typically, the larger diameter engaging portion 52 of the tube 16 is of relatively 
larger inner diameter than the first small diameter portion 48 and the second small 
diameter portion 50 of the tube 16. The larger diameter engaging portion 52 of the 
tube 16 is preferably aligned vwth the top surface 28 of the cassette 10 when the tube 

15 1 6 is properly installed in the cassette 1 0. As shown in FIG. 4, the larger diameter 
engaging portion 52 of the tube 16 lies substantially along the longitudinal centerline 
34 of the top surface 28 of the cassette 10. The larger diameter engaging portion 52 
of the tube 16 is the portion of the tube 16 designed to be engaged by the tube 
engaging members 26 of the pump control module 12. 

20 A plurality of tube centering ribs 54 preferably extend substantially 

laterally across the top surface 28 of the cassette 10. Front and rear rails 56 extend 
along the front door surface 40 and/or along the rear surface 46 of the cassette 10. 
The plurality of ribs 54 and the rails 56 are preferably molded, or otherwise 
integrated, into the top surface 28 of the cassette 10 and provide additional structural 

25 support to the cassette 10. 

In the embodiment of the cassette 10 shown in FIGS. 3 and 4, the 
height of each of the plurality of ribs 54 is substantially the same as the height of the 
rails 56. The height of the plurality of ribs 54 and the rails 56 is preferably uniform 
and facilitates the pumping action between the tube engaging members 26 of the 

30 pump control module 12 and the larger diameter engaging portion 52 of the tube 16. 
The rails 56 are continuous and extend along the rear surface 46, along the second 
end surface 38, along the second front frame surface 44, and along the front door 
surface 40. 

Each of the plurality of ribs 54 preferably extends substantially 
35 laterally across the top surface 28 of the cassette 1 0, nearly to the longitudinal 

centerline 34 of the cassette 10, substantially as shown in FIG. 4, The plurality of 
ribs 54 are spaced to avoid interfering with the ttibe engaging members 26 of the 
pump control module 12. With reference to FIGS. 3 and 4, the plurality of ribs 54 
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define gaps 58 for receiving the larger diameter engaging portion 52 of the tube 1 6 
when positioned in the cassette 10. The plurality of ribs 54 guide and retain the 
larger diameter engaging portion 52 of the tube 16 to permit the tube engaging 
members 26 of the pump control module 12 to effect pumping. 
5 An access door 62 to facilitate the installation and removal of the tube 

16 is preferably incorporated in the cassette 10 of the present invention. A swinging 
front 64 of the access door 62 is preferably adjacent the front door surface 40 of the 
cassette 10. A hinged rear 60 of the access door 62 is preferably located between the 
rear surface 46 of the cassette 10 and the longitudinal centerline 34 of the top surface 

10 28 of the cassette 10. The length of the access door 62 is preferably substantially the 
same as the length of the front door surface 40, and the access door 62 is located 
between the first front frame surface 42 and the second front frame surface 44. 

The access door 62 is further defined by a first side door perimeter 66 
and a second side door perimeter 68, both of which extend between the hinged rear 

1 5 60 and the swmging front 64 adjacent the first front frame surface 42 and the second 
front frame surface 44, respectively. 

The hinged rear 60 of the access door 62 is preferably pivotally 
coupled to a frame 70 of the cassette 10 of the present invention. One method of 
coupling the access door 62 to the frame 70 at the hinged rear 60 comprises simple 

20 hinges 73 affixed to the underside of the top surface 28 at a junction 72 of the hinged 
rear 60 of the access door 62 and the frame 70 of the cassette 1 0. The frame 70 of 
the cassette 10 comprises the portions of the cassette 10 not within the perimeter of 
the access door 62. Thus, the frame 70 of the cassette 10 is the area of the cassette 
10 not located within the swinging front 64, the hinged rear 60, the first side door 

25 perimeter 66, and the second side door perimeter 68 of the access door 62. 

The access door 62 of the present invention has essentially two 
positions - open and closed. When the access door 62 is open, substantially as 
shown in FIG. 3, the swinging front 64 of the access door 62 is pivoted downward 
and the top surface 28 of the access door 62 forms an angle with the top surface 28 

30 of the frame 70 of the cassette 10. While the access door 62 is open, the tube 1 6 can 
be installed and/or removed from the cassette 10. 

When the access door 62 is closed, as best shown in FIG. 4, the tube 
16 is properly positioned for the tube engaging members 26 of the pump control 
module 12 to engage the larger diameter engaging portion 52 of the tube 16 to effect 

35 pumping and convey fluid from the fluid reservoir 14 to the patient. 

Referring to the series of illustrations of FIGS. 5A through 5D, the 
locking mechanism 74 of one preferred embodiment of the present invention is 
shown. FIG. 5 A shows the front door surface 40 of the cassette 10 while the access 
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door 62 is in the closed position. A rotatable latch 76 is preferably located in an 
accessible position on the front door surface 40 of the cassette 10. The locking 
mechanism 74 preferably comprises the rotatable latch 76, a core 78, a cam 80, at 
least one locking pin 82 which interacts with the cam 80 as a cam follower, and at 
5 least one spring 84 to maintain pressure on the locking pin 82. As shown in 
increased detail in FIG. 5B, when the access door 62 is closed and in the locked 
position, distal ends 86 of the locking pins 82 are retained in recesses 88 formed in 
the frame 70 of the cassette 1 0. When the latch 76 is rotated and the locking 
mechanism 74 is unlocked, as shown in FIG. 5C, the cam 80 rotates, and proximal 

10 ends 90 of the locking pins 82 follow the cam 80, thereby freeing the distal ends 86 
of the locking pins 82 from the recesses 88 of the frame 70 of the cassette 10. FIG. 
5D is a cross-sectional view of the locking mechanism 74 in the unlocked position of 
FIG. 5C. In further embodiments, a more secure locking mechanism can be 
provided which is only operable with a specially shaped tool or key. 

1 5 For the purpose of accommodating the tube 1 6 when installing in the 

cassette 10, the second front frame surface 44 has an inlet tube slot 92 through which 
the second small diameter portion 50 of the tube 16 extending from the fluid 
reservoir 14 passes leading to the tube engaging members 26 of the pump control 
module 12. The inlet tube slot 92 is preferably an elongated channel 96 extending 

20 from the second end 32 of the cassette 10, along the second front frame surface 44, 
and to the second side door perimeter 68 of the access door 62 of the cassette 1 0. 
The height of the inlet tube slot 92 is preferably greater nearer the access door 62 to 
accommodate the larger diameter engaging portion 52 of the tube 16 and narrower 
nearer the second end surface 38 to accommodate the second small diameter portion 

25 50 of the tube 16. 

Further, in some embodiments of the present invention, the first front 
frame surface 42 has an outlet tube slot 94 through which the first small diameter 
portion 48 of the tube 16 passes the tube 16 is installed in the cassette 10. The outlet 
tube slot 94, like the inlet tube slot 92 described above, is preferably the elongated 

30 channel 96 extending from the first side door perimeter 66 of the access door 62 of 
the cassette 1 0, through the first front frame surface 42, and to the first end surface 
36 of the cassette 10. The height of the outlet tube slot 94 is preferably greater 
nearer the access door 62. The relative sizing of the tube 16 used with some 
embodiments of the present invention prevents the tube 16 from being inadvertently 

35 or improperly removed from the cassette 10 by longitudinal pull, accidental or 
otherwise. 

The elongated channels 96 of the inlet tube slot 92 and the outlet tube 
slot 94 are substantially parallel to the top surface 28 of the access door 62 in some 
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embodiments of the present invention and, in other embodiments, the inlet tube slot 
92 and the outlet tube slot 94 are inclined in a upward direction as the elongated 
channels 96 approach the longitudmal centerline 34 of the cassette 10. One 
advantage of inclining the elongated channels 96 upward is that the larger diameter 
engaging portion 52 of the tube 16 is urged closer to the top surface 28 of the 
cassette 10. 

Indentations 98 are located in the access door 62 and/or the frame 70 
to permit the larger diameter engaging portion 52 of the tube 16 to reach from the 
inlet tube slot 92 up to the gaps 58 located along the top surface 28 of the access 
door 62 and into the outlet tube slot 94 without being crimped by the first side door 
perimeter 66 or the second side door perimeter 68, The indentations 98 are 
preferably sized such that the tube 16 does not crimp when installed in the cassette 
10 when the access door 62 is closed; therefore, flow is not mhibited. 

In operation, the tube 16 is installed into the cassette 10 as follows: 
when the pump is not operating, the access door 62 of the cassette 10 is opened by 
releasing the locking mechanism 74. The access door 62 is maintained open while 
first small diameter portion 48 and the second small diameter portion 50 of the tube 
16 are slid into the inlet tube slot 92 and the outlet tube slot 94, respectively. The 
larger diameter engaging portion 52 of the tube 16 is preferably substantially 
centered along the longitudinal centerline 34 and placed into the gaps 58 formed by 
the plurality of ribs 54 on the top surface 28 of the cassette 10. The access door 62 
of the cassette 10 is then closed. If securing the access door 62 requires an 
additional step, such as rotating the latch 76 of the locking mechanism 74 as in the 
embodiment of FIG. 5, that additional step is performed. 

In some embodiments of the present invention, the cassette 10 is 
constructed of material which ensures secure mountmg to the pump control module 
12 and proper fluid conveyance. The material or materials selected preferably 
withstand repeated reuses with the pump control module 12 a suitable number of 
times and also allow the pump control module 12 to convey fluid properly without 
free flow or without requiring excessive energy drain and/or causmg a stoppage of 
the pumping mechanism. All metal, molded plastic with metal reinforcement, and 
glass-filled plastic are possible constructions for a reusable cassette. Those of 
ordinary skill in the art will recognize a number of materials exist which will 
perform sufficiently. 

Other embodiments of the invention will be apparent to those skilled 
in the art from consideration of the specification and practice of the invention 
disclosed herein. It is intended that the specification and examples be considered as 
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exemplary only, with a true scope and spirit of the invention being indicated by the 
following claims. 
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What is claimed is : 

1 . A cassette for xxse with a pump control module, the cassette 
comprising: 

a first portion having a first end including at least one pump securing 
5 extension and a second end including an anchor, and defining a center open section 
therebetween; 

a second moveable portion hingedly mounted to the first portion, the second 
moveable portion including a top surface communicating with the center open 
section of the first portion, the top surface including a plurality of ribs forming gaps 
10 to receive a tube; and 

a locking mechanism for selectively locking the second moveable portion to 
the first portion. 

2. A method for attaching a fluid reservoir having a tube to a pump 
control module, the method comprising the steps of: 

providing a cassette having a pivotally mounted tube supporting section; 
mounting the cassette to the pump control module with an anchor and at least 
one pump securing extension; 

pivoting the tube supporting section away fi-om the pump control module 
while the remainder of the cassette is mounted to the pump control module; 

positioning the tube between the tube supporting section and the pump 
control module; 

pivoting the tube supporting section toward the pump control module to 
position the tube between the tube supporting section and a pumping mechanism of 
the pump control module; and 

securing the tube supporting section to the remainder of the cassette. 

3 . A infusion pump system comprising: 
a pump control module including a pumping mechanism; and 

30 a cassette moimtable to the pump control module, the cassette configured for 

receipt of a tube and comprising a moveable access door and a firame, the access 
door allowing access to a tube support surface of the cassette facing the pumping 
mechanism when the firame is mounted to the pump control module. 


15 


20 


25 


35 


4. 

mechanism. 


The system of claun 3, wherein the access door comprises a locking 
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5. The system of claim 3, wherein the locking mechanism comprises a 
cam and at least one cam follower. 

6. The system of claim 5, wherein the cam follower is a locking pin. 

5 

7. A cassette for use with a pimip control module, the cassette 
comprising: 

a top surface configured for receipt of a tube having a first end mcluding at 
least one pump securing extension and a second end including an anchor, and a 
1 0 center section therebetween; 

a frame interconnecting the first end to the second end; and 
a moveable access door mounted to the frame disposed in the center section 
of the top surface. 

15 8. The cassette of claim 7, wherein the access door is mounted to the 

frame of the cassette with at least one hinge. 

9. The cassette of claim 7, wherein the top sxirface comprises a plurality 
of ribs forming gaps to receive the tube. 

20 

10. The cassette of claim 7, wherein the frame further comprises an inlet 
tube slot and an outiet tube slot. 

1 1 . The cassette of claim 7, wherein the access door further comprises a 
25 locking mechanism. 

1 2. The cassette of claim 1 1 , wherein the locking mechanism comprises a 
cam and at least one cam follower. 

30 13. The cassette of claim 12, wherein the cam follower is a locking pin. 

14. A method for attaching a fluid reservoir having a tube to a pump 
control module, the method comprising the steps of: 

providing a cassette mounted to the pump control module having a tube 
35 supporting surface containing an access door; 
opening the access door; 
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installing the tube into an inlet tube slot and into an outlet tube slot disposed 
in the cassette; and 

closing the access door. 

5 15, The method of claim 14, further comprising the step of pumping fluid 

from the fluid reservoir through the tube to a patient. 

1 6. The method of claim 1 4, wherein the step of opening the access door 
includes actuating a cam and a cam follower. 

10 

17. The method of claim 14, wherein the step of opening the access door 
includes releasing a latch. 

18. A method for attaching a fluid reservoir having a tube to a pump 
1 5 control module, the method comprising the steps of: 

providing a cassette having a tube supporting surface containing an access 

door; 

mounting the cassette to the pump control module with an anchor and at least 
one pump securing extension; 
20 opening the access door; 

installing the tube into an inlet tube slot and an outlet tube slot disposed in 
the cassette; and 

closing the access door. 

25 19. The method of claim 1 8, further comprising the step of pumping fluid 

from the fluid reservoir through the tube to a patient. 

20. The method of claim 1 8, wherein the step of mounting the cassette to 
the pump control module is performed prior to the step of installing the tube. 

30 

2 1 . The method of claim 1 8, wherein the step of mounting the cassette to 
the pump control module is performed after the step of installing the tube. 
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